INTRODUCTION
Various agricultural practices, including the use of cover and rotational crops, composts, tillage systems, and others have been promoted as management options for enhancing soil quality and health 1) . For successful protected cultivation, the importance of soil management methods has been recognized 2) . The use of soil management methods can cause changes in fertility by affecting physical and chemical properties of soil and the activity of soil microbes. Soil chemical properties determine the ability of the soil to enhance crop production. Soil total N, soil organic matter, N, P, K, soil pH, and electrical conductivity (EC) are important measurements for assessing the chemical aspects of soil quality 3) . These management methods decisions include a multiplicity of methods, such as crop rotation, residue management, leaching by irrigation, and application of manures.
Maintaining or improving soil quality can provide economic benefits in the form of increased productivity, more efficient use of nutrients and pesticides, improvements in water and air quality, and amelioration of . Soil management methods create inefficiencies by over-treating or under-treating portions of a field, increasing field management costs and decreasing net economic returns 5) . This study evaluated the correlation of each soil chemical properties and the interactions between soil chemical properties and soil management methods in protected cultivation. The study also classifed soil management methods according to similar influences on soil chemical properties.
MATERIALS AND METHODS

Soil management survey
Data was collected during 2006 and surveyed 25 farms in main fruit vegetables production locations in Korea. The locations were Iksan, Nonsan, Suncheon, Gurye, Andong, Buyeo, Haman, Seongju, Jinju, and Cheongju. Soil management methods were investigated by qualitative interviews with farmers. The farmers were asked whether or not they rotated their crops excluding rice, performed soil nutrient-considering fertilization, practiced deeper plowing, performed crop rotation with rice, practiced water-logging and irrigation, and whether or not they applied rice residues, wood residues, animal manures, and practiced fertigation.
Soil sampling and analysis
Soil samples were collected with the soil management methods survey at once and were comprised of ten soil sub-samples from each farm. The soil subsamples excluded topsoil (3 cm depths) and were collected at 20 cm depths using an auger. The subsamples were mixed and then were dried by air under the shade and sieved through a 2 mm sieve before analysis. Detailed descriptions of the methods used for soil chemical analyses are given by NIAST 6) . Phosphate (P) contents were estimated using the chlorostannous molybdophosphoric blue-color method, in sulfuric acid. Total organic matter (OM) was determined by the bichromate oxidation method by Tyurin. The concentrations of calcium (Ca), magnesium (Mg), potassium (K), zinc (Zn), iron (Fe), manganese (Mn), and copper (Cu) were determined through ICP (GBC, Integra XMP, Australia). EC (1:5 soil/water) was measured with an electrical conductance meter (CM-30R, DKK-TOA, Japan) and the pH (1:5 soil/water) was measured with a pH meter (720A, Orion, USA).
Statistical analysis
Correlation analysis was used to analyze chemical properties of greenhouse soil. Effects of soil management methods on each soil chemical properties were analyzed by GLM procedures. Effects of soil management methods on major element (P, K, Ca, and Mg) and minor element (Fe, Mn, Zn, and Cu) properties were analyzed by cluster analysis using Ward's minimumvariance. Cluster analysis was performed based on selected first principal components of elements. Selection of the first component of each major and minor element was performed by the correlation matrix. The analysis was computed by SAS 9.0.
RESULTS
The soil chemical properties of farms surveyed are presented in Table 1 . The soil pH values of the farms varied from 7.78 to 5.18. The nutrient contents also showed enormous differences among the farms. The farms cumulatively practiced several soil management methods for sustaining soil productivity, including crop rotation excluding rice, soil nutrient-considering fertilization, deeper plowing, crop rotation with rice, waterlogging and irrigation for salt removal, application of rice residues, application of wood residues, application of animal manures, and fertigation (Table 2) . Although the soil characteristics of farms had enormous differences, The significant correlations exhibited among soil chemical properties. (Table 3 ). Organic matter was significantly Table 2 . Practice soil management methods to avoid continuous cropping injuries in surveyed 25 farms
Soil management methods Numbers using the methods in all farms
Crop rotation excluding rice 6
Soil nutrient-considering fertilization 21
Deeper plowing 9
Crop rotation with rice 3
Water-logging and irrigation 13
Application of rice residues 12
Application of wood residues 12
Application of animal manures 18
Fertigation 17 (Table 4 ). The soil chemical properties did not change individually. Standardized estimate mean was used to numerically evaluate relative influence. Water-logging and irrigation decreased pH (p<0.225) and Av.P2O5 (p<0.234), but increased K content (p<0.065) in the soil. The application of animal manures had a positive effect on the organic matter (p<0.014), Av.P2O5 (p<0.198), K (p<0.065), Zn (p<0.116), and Cu (p<0.084). Crop rotation excluding rice increased Mn (p<0.108), but did not influence other soil chemical properties. The ECs tended to be low following application of organic amendments; rice residues (p<0.109) and wood residues (p<0.068). Deeper plowing led to a reduction in Ca (p<0.032) content. The soil nutrientconsidering fertilization practice had no an influence on nutrient element contents. Practicing fertigation also did not affect nutrient element contents, but reduced EC (p<0.149) in soil. Fig. 1 and 2 show the similarities of the soil management method effects on soil major and minor nutrient elements, grouped by the amount of usage by plants. In cluster analysis of major nutrient of the soil management method effects, low similarities were found in deeper plowing and crop rotation with rice in comparison with other practices (Fig. 1) . In minor nutrient characteristics, crop rotation and application of animal manures were closely linked at a high Ward's distance, while a distance among other practices were relatively low distance (Fig. 2) . 
DISCUSSION
The contents of greenhouse soil nutrient in Korea are higher than those in open-field soils 7) . Although soil pH, EC, and organic matter content and nutrients were variable among farm soils surveyed (Table 1) , the means of the soils were excessive compared to optical nutrient range for vegetable cultivation 8) . Zhao et al. 9) and Bozkurt et al. 10) reported nutrient contents in protected vegetable land, which managed intensively, were higher than those in grain cropland. The characteristics of surveyed greenhouse soils showed that soil pH was negatively correlated with EC similar to Bozkurt et al's result 10) and Lee et al's result 11) , but not significant (Table 3) . Organic matter content, a sensitive indicator of management effects on soil quality 3) , had a highly positive correlation with Av.P2O5, K, Cu, and Zn. Eighteen farms among the 25 farms practiced application of animal manures (Table 2) , and this should cause increased Av.P2O5 and K in the soils. Application of animal manures, which have high contents of Av.P2O5 and K, increased contents of Av.P2O5 and K in soils 12, 13) . Correlation between organic matter and Zn seem to be induced by the application of rice residues, which have large content of Zn and minor nutrients 14) . Available P2O5 was negatively correlated with Fe. The chemical nature and generally high specific surface area of the iron hydroxylated minerals make them efficient sinks for anions such as phosphate, so that iron and phosphorus deficiencies are often associated 15) . High positive correlations among K, Ca, and Mg might result from application of major fertilizers elements used at the farms. Also, EC, related with total salt, 10) was significantly correlated with Ca and Mg in protected cultivation. These results show that farms in protected cultivation practice excessive fertilization of Ca, Mg, and K.
Soil variability is the result both of natural processes and management practices 5) . In greenhouses, the covering materials do not allow rain to reach the soil surface. Therefore, the salt contents of greenhouse soils are much higher than those of the open-field soils 10, 16) . Soil EC decreased with water-logging and irrigation. Practicing water-logging and irrigation reduced Av.P2O5 and soil pH, but had no significant effect on changes of Ca and Mg contents in soil.
Application of animal manures had positive effects for organic matter, Av.P2O5, K, Zn, and Cu, and this result associated with Table 3 's results.
DeMaria et al. 17) reported that crop rotation change soil chemical properties. Moreover, crop rotation increases microbial biomass and produced differing microbial community profiles in soils 17, 18) . In present study, effect of crop rotation excluding rice on Mn content in soil was observed. Because crop rotation lead to application of various organic matters, Mn content increase as well as Zn 19) . Furthermore, crop rotation causes changes of soil chemical properties and results in the increment of exchangeable and extractable Mn 20) . Soil organic matter has been associated with numerous soil functions including nutrient cycling, water retention and drainage, erosion control, disease suppression and pollution remediation 21) . The application of animal manures for increasing soil organic matter accomplished its mission. In present study, applications of other organic sources (rice and wood residues) not only increased organic matter but also decreased soil EC. The soil bulk density which was reduced by organic matter, improve the water permeability and promote mobility of salt 22) . Soil tillage affects speeds of decomposition of soil organic matter and the release of mineral nutrients 23) . Nutrient dynamics under tillage and crop management practice vary from one ecological region to another and among diverse crop combinations 17) . Deeper plowing did not decrease soil organic matter, it might be due to applying large amounts of organic amendment. Deeper plowing had a negative effect on Ca content. Soil calcium content in 84 percent of Korea is in the deficit range for plant growth 18) . However the Ca content of greenhouse top soil is high, but dramatically decreases downward into the subsoil 22) . Because Ca content is reduced by mixing top soil and subsoil, there may be an increased requirement for Ca fertilization when plowing is deeper than conventional tillage.
Crop rotations, reduced tillage, cover crops, fallow periods, and balanced fertilizer application can help maintain and restore soil fertility 14) . Soil nutrientconsidering fertilization and fertigation reduced soil EC. Fertigation improves nutrient efficiency more than fertilizing the whole soil surface 25, 26) . Therefore, practicing fertigation reduced the amount of fertilizer used and did not induce increment of soil EC. Dynamic soil quality is strongly influenced by agronomic practices 27) . Gobeille et al. 28) analyzed statistically significant effects of soil management methods on each soil chemical property. Based on effects of each soil method, similar effects of each method on major and minor elements were analyzed by cluster analysis ( Fig. 1 and 2) . A cluster analysis of major elements showed deeper plowing and crop rotation with rice had different effects from other methods. It might be due to reduction of major elements in comparison with other methods. In a cluster analysis of minor elements, practicing crop rotation, application of animal manures, and application of rice residues were linked at a high Ward's distances. This result shows that each soil management method has different influences on minor element contents. Therefore, a combination of soil management methods which has different influences may enhance soil fertility. In agricultural systems, soil and crop management decisions affect soil quality, soil nutrient dynamics, and soil chemical properties 3) . Each soil management method has a similar or different effect on soil chemical properties. These results suggest the necessity to establish limits and standards according to the effects of soil management methods on soil chemical properties for economic soil practices.
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